Abstract--This study investigated effects of industrial wastes of a paper mill on fish. Chemical analyses were made of the effluent and of the river water before it entered the mill and at the effluent entry point. Static bioassay techniques were used to determine tolerances to the effluent of ten fish species which were abundant in the paper mill area. Fish were collected from the effluent entry point into the river. An abundant fish fauna was found. Charmin Paper Products Company, Cheboygan, Michigan, treats its waste products thoroughly and is an example of what an industry can do to reduce water pollution. The common shiner, Notropis cornutus, was found to be intolerant to even low concentrations of the effluent. Thus, its presence in an area would indicate a very low level of pollution of this type.
INTRODUCTION
AS THE population of this country and the world increases, more and more waste products from cities and towns and from industry will be discarded. Most enter streams, lakes, and the oceans. Much of the waste receives some treatment prior to disposal. Frequently these same waters serve as domestic and industrial sources and support recreation. As needs for waste disposal and water supply increase, care must be taken that the former does not eliminate the latter.
This study investigated effects of pollution on fish. Fish are important to commercial and sport fishermen, to aquarium-keepers, and to biologists. Since so many people encounter fishes, any significant changes in populations are readily evident. Some changes may reflect pollution of the natural habitats. In such cases fish might indicate various types of pollution. A rapid change in population size might result from a change in water chemistry. Intolerance to the particular pollutants might decrease the population density, increase the density of species with high tolerance, or both changes might occur.
Population density of fish could also change for reasons other than pollution. To evaluate this, our study included laboratory tests where different fish species were exposed to various concentrations of industrial wastes as well as field studies and collections ascertaining species present where wastes were being discharged to a river.
It is also important to know the distributions of fish in various habitats, including those receiving industrial or municipal wastes. Fishermen, collectors, and researchers find such information valuable. In dollar values paper manufacturing is among the uppermost half dozen industries that discharge wastes into bodies of water (RoUNSE-FELL and EVERHART, 1953) . Charmin Paper Products Company, Cheboygan, 217 
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Michigan.
This study analysed effects of the effluent from Charmin Paper Products Company on ten fish species. It also investigated the Cheboygan River from 100 ft upstream to about 200 ft downstream from the effluent entry point, collecting fish in this area. Finally, the laboratory tolerances were compared with the list of fish found in the river.
MATERIALS, METHODS AND RESULTS
Ten species of fish were exposed to various effluent concentrations: Catostomus commersoni (Lacfpfde), white sucker; Cottus bairdi Girard, mottled sculpin; lctalurus nebulosus (LeSueur), brown bullhead; Lepomis gibbosus (Linnaeus), pumpkinseed; Micropterus salmoides (Lacfpfde), largemouth bass; Notropis cornutus (Mitchill), common shiner; Perca flavescens (Mitchill), yellow perch; Percina caprodes (Rafinesque), logperch; Petromyzon marinus Linnaeus, sea lamprey*, and ; Salmo gairdneri * Ammocetes.
Richardson, rainbow trout. These names are according to the AMERICAN FISHERIES SOCIETY (1960) . All species were found in the Cheboygan River Drainage System by Legault (unpublished). The effluent used was a representative sample collected over a 24 hr period. The effluent was diluted with Lake Huron water to the following ppm concentrations : 25, 50, 75, 100, 250, 500, 750, 1000, 2500, 5000, 7500 and 10,000. Three or four specimens of each species were immersed in 6 1. of each concentration in a 10 1. glass battery jar. Temperature was 65°F, _ 1 °, using constant temperature equipment of APPLEGATE et al. (1957) . Compressed air provided aeration through stone airbreakers. Static bioassay techniques were used and the exposure period was 24 hr. Tests were carried out at Hammond Bay Biological Station (TABLES 1-10).
Mineral analyses with a Baush and Lomb Spectronic colorimeter were made of the effluent, the Lake Huron water, the 10,000 ppm concentration, the Cheboygan River water just above where it enters the paper mill and of the Cheboygan River water just below the effluent entry point (TABLE 11). In ppm unless otherwise stated.
shiner (11); Perca flavescens (Mitchill), yellow perch (1); Percopsis omiscomaycus (Walbaum), trout-perch (1) and Cyprinidae, very small (227). Collection was limited to a strip from 5 to 15 ft wide on the east side of the river and a strip from 5 to about 35 ft wide on the west side. The center of the river was too deep for seining or electric shocking. Heavy boat traffic precluded use of gill nets and fyke nets in the deeper areas. In this portion of the river current was swift, clarity good, water temperature was 22°C and air temperature 20.5°C. (1300-1400 hr, 9 August 1956). The bottom consisted of sand, pebbles and rocks, with very small amounts of submergent vegetation. The banks were steep with low vegetation and some trees were present on the west side at the north end of the area. Records (Legault, unpublished) were checked for fish collected in this area in previous years. Species caught in previous years that were not obtained in this study included: Cyprinus carpio Linnaeus, carp; Lepomis gibbosus (Linnaeus), pumpkinseed ; and Pimephales notatus (Rafinesque), bluntnose minnow.
DISCUSSION
Our experiments exposed 456 fish to various effluent concentrations. Only 35 of these died. Elimination of four rainbow trout, perishing by accidental air shut-off, leaves a total of 461 with 31 dead, or a mortality rate of 6.7 per cent. This is low by comparison with certain other industrial pollution studies on fish (KEELING, 1961) . In Kelling's study, minnow populations abandoned the upper region of Grimes Creek, Iowa, a few days after a canning factory discharged wastes into the stream.
Analysis of TABLES 1-10 shows that 24 of the 31 dead fish were one species, the common shiner. Two-thirds of the common shiners exposed were killed. Only one common shiner was obtained from the Cheboygan River where the effluent from the paper mill enters it. Legault's records (unpublished) showed that only one of these shiners was collected when this area was studied in 1963. The area was not studied in 1964.
Of the other nine species, 425 animals were exposed and seven died for a mortality of 1.6 per cent. The distribution of deaths over the species and concentrations involved presented no recognizable pattern.
TABLE 11 SHOWS that the mill effluent did not greatly alter the chemical condition of the river. Much of this was due to the excellent treatment of the waste products by the paper mill. Part of this treatment involved transportation of much of the solid wastes by truck to a private dump. Another consideration is the dilution achieved. The flow of the Cheboygan River just above the paper mill for 18 August 1964 was 306 fta/sec (U.S. DEPARTMENT OF INTERIOR, 1965) . This is the sum of daily discharge of 250 fta/sec of the Cheboygan River above the mouth of the Black River and daily discharge of 56 fta/sec of the Black River (Appendices A and B) . This is the volume that flows past the paper mill. Volume flow of this river is taken each month. However, complete analysis and adjustment were completed only through February 1965. Data for August 1965 will not be available until May 1966. Since our study was made in August 1965, the data from the previous August were more applicable because of seasonal variations. Only a rough estimation, however, of dilution was desired. The paper mill utilized 948,600 gal of river water during the 24 hr in which the effluent sample was collected. Using the figure of volume flow for August 1964, the effluent from the mill was only 0.48 per cent of the volume of the river.* The effluent was 1 per cent of the 10,000 ppm concentration of this study. Thus, the highest concentrations used in these experiments were more than two times that of the effluent in the river. As can be seen from Appendices A and B, volume flow was at its lowest for the year during the middle of August. A 22 year average discharge is 1182 ft3/sec just above the paper mill (767 fta/sec for the Cheboygan River above the mouth of the Black River and 415 fta/sec for the Black River). The greater the volume flow, the lower the effluent concentration in the river would be.
High turbidity of the effluent was mainly due to short fibers. In addition to measuring turbidity in Jackson units, a 5 g sample of the effluent was evaporated to determine the residue, mainly fiber. It was 0.032 per cent by weight. Comparison of the Cheboygan River water above the mill with that below the mill (TABLE 11) , indicates that of the chemicals analysed, those added to the river in greatest quantities were silica, sulphates, ammonium nitrogen, copper and the calcium hardness was increased. Reduction in certain chemicals below the mill indicated that some chemical reactivity took place between the effluent and the river water.
* The conversion figure for changing fta/sec to gal/day is 1 fta/sec = 646,317 gal/day (U.S. DEPART-MENT OF INTERIOR, 1953) .
CONCLUSIONS
After a tour of the Charmin Paper Products Company plant, several talks with Mr. Ralph J. Van Deuren and a review of certain information from company files, the writers believed the company was making a substantial effort towards control of its industrial wastes. This belief was sustained by analyses of the effluent and the Cheboygan River water above and below the mill. It was further substantiated by the very low mortality rate in bioassay experiments. One fish species, the common shiner, was quite susceptible to the wastes in the experiment and was rare in river collections from this area. It was noted, however, that this species was also somewhat more vulnerable to ordinary retention in aquaria and tanks in the Hammond Bay Laboratory for the four or more days they were held prior to the tests.
The most abundant fish species in the area of the river where effluent was received were not bioassayed. The presence of a particular species, therefore, cannot be taken as an indicator of pollution, which was low in this case. However, the most abundant species in the study area were the emeral shiner, the rock bass, the sand shiner, the Johnny darter, and the spottail shiner.
Since the common shiner was extremely intolerant to the effluent, its presence in an area would indicate a very low level of pollution of this type.
The degree of pollution is as low as possibly could be expected from such an industry. Other industries, as well as other paper companies, could give attention to the treatment of waste products by Charmin Paper Products Company, Cheboygan, as an example of what an industry can do to reduce water pollution. Remarks. Records fair except those for periods of ice effect, indefinite stagedischarge relation or no gage-height record, which are poor. Flow affected by variable backwater from powerplant at Cheboygan 5.2 miles below station and by Alverno powerplant.
Cooperation. Auxiliary gage readings furnished by Consumers Power Co. 
